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@ Transverse-mode stabilized semiconductor laser diode with slab-coupled waveguide.

@ A semiconductor laser diode (10) includes two semi-
conductive cladding layers (14, 18) of different conductivity
types, which are stacked on a substrate (12). An active layer
(16) of an undoped semiconductor film is sandwiched be-
tween the cladding layers (14, 18). A channel groove (22) is
formed in a current blocking layer (20) and the underlying
cladding layer (18), to be deep enough to cause the current
blocking layer (20) to be divided into two parts. A waveguide
layer (24) covers the channel groove (22) and the current-
blocking layer (20), to provide a slab-coupled waveguide
structure for transverse mode oscillation. The second clad-
ding layer (18), the current-blocking layer {20), and the wave-
guide layer (24) are composed of gallium arsenide containing
aluminum.

FIG |
/’0
30

p 28
\ / 5
v 7 p P \m
P -\-:g
n 2 14
o ™2
32

Croydon Printing Company Ltd



10

15

20

25

0214534

-1 -

Transverse-mode stabilized semiconductor
laser diode with slab-coupled waveguide

The present invention relates to a semiconductor
laser and in particular, to a semiconductor laser diode
with a slab-coupled waveguide structure.

Recently, considerable effort has been devoted to
the development of semiconductor laser diodes, which
are in growing demand for an optical pick-up for writing
and reading digital data into and from an optical disc,
such as a digital audio disc, a high-density optical
disc memory, etc. 1In particular, GaAs system laser
diodes with fundamental transverse mode oscillation have
been most widely used because of their large oscillation
power and low threshold level,

One such semiconductor laser diode has been dis-
closed in "Extended Abstract of the 16th Conference
on Solid State Devices and Materials", Kobe (1984), pp.
153-156. This laser diode is known as a transverse-
mode stabilized semiconductor laser with a slab-coupled
waveguide, which includes a first n-GaAZAs cladding
layer, an undoped GaAfAs active layer, a second n-GaAZAs
cladding layer, and an n-GaAs current blocking layer,
which are sequentially stacked one above another on one
side of an n-GaAs substrate. A stripe-like channel
groove is defined in the current blocking layer and its
underlying cladding layer. The groove is deep enough
to penetrate the current blocking layer, and its bottom
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portion is positioned near the underlying active layer.

A thin p-GaAZAs layer whose refractive index is larger
than that of the cladding layer is formed, as a wave-
guide layer, to cover the groove and the current
blocking layer, so that the waveguide layer can be
introduced sufficiently near the top surface of the
active layer inside the channel groove. Also stacked

on the p-GaAZAs layer are a p-GaAlAs overcoating layer,

a p-GaAfZAs contact layer, and a metal electrode layer,
The multi-lavered configuration thus obtained forms a
so-called slab-coupled waveguide structure.

In such a GaAZAs laser with a slab-coupled wave-
guide, transverse mode oscillation is carried out in
such a manner that oscillated laser light 1s shut up

in the groove by refractive index guiding, which is due

to the difference between refractive indexes measured
at the groove and the other portion of the multi-layer

structure. Such a waveguide structure is favorable for

high power laser oscillation, since the optical field
spreads sufficiently in the cladding layer, as in a
large optical cavity structure.

The disadvantage of this semiconductor laser is

that the fundamental transverse oscillation mode becomes

unstable when the laser oscillation power thereof is
greatly increased. Our experiment revealed that the
laser oscillation could no longer be kept stable when
the laser power was set at more than 30 mW. This is
because a leakage current flowing at the groove edge
portions toward the peripheral regions of the cladding
layer increases, thereby degrading the inner quantum

efficiency of the laser diode. The decrease in stabili-

ty of the laser oscillation at high power also causes
the laser diode’s reliability to be reduced. When the
laser diode is used to optically write digital data
into an optical disc, high-power laser beam radiation

is generally required. Accordingly, the aforementioned
problem is a serious obstacle to successful application
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of the laser diode to an optical pick-up unit for a
read/write laser disc memory device.

Moreover, it is difficult to manufacture uniformly _
the aforementioned channel groove in the multi-layered
laser diode, because a deep-etching process is required
to form the channel groove, which extends along the
surface the thick cladding layer (which must be of
a thickness sufficient to maintain a large distance
between the active layer and the waveguide layer in a
flat layer region - with the exception of the groove),
thereby causing the bottom of the channel grove to lie

close to the underlying active layer. It is very dif-
ficult in the actual manufacturing process to control
the deep-etching conditions, so as to maintain uniformi-
ty, in the partial removal of the cladding layer, among
a great number of laser diodes to be manufactured.

It is therefore an object of the present invention
to provide a new and improved semiconductor laser
diode with a slab-coupled waveguide which can improve
the stability in high power laser oscillation,

It is another object of the present invention to
provide a new and improved semiconductor laser diode
with a slab-coupled waveguide, which can improve the
stability high power in high power laser oscillation
and which can be uniformly manufactured by using a
known etching process.

In accordance with the above cbject, the present
invention is addressed to a specific semiconductor laser
diode which includes a semiconductive substrate of a
first conductivity type. Two semiconductive cladding
layers are stacked on the substrate to sandwich there-
between an active layer of an undoped semiconductor
thin film. The upper and lower semiconductive cladding
layers are of first and second conductivity types,
respectively,

R semiconductive current blocking layer of the
first conductivity type is formed on the upper cladding
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layer, A channel groove l1s defined in the current

blocking layer and the upper cladding layer. The bottom

surface of the channel groove ls positioned near the
underlying active layer. A semiconductlve wavegulde

layer of the second conductivity type is formed to cover

the channel groove and the current blocking layer. The
refractive index of the waveguide layer is higher than
that of the upper cladding layer. The waveguide layer
includes a channel layer which is recessed in accord-
ance with the channel groove configuration, to provide
a slab-coupled waveguide structure for transverse mode
oscillation. A semiconductive overcoating layer of the
second conductivity type is formed on the waveguide
layer. This overcoating layer has a lower refractive
index than that of the waveguide layer.

In such a multi-layered structure, not only the
upper cladding layer and the waveguide layer, but the
current blocking layer, which is sandwiched between
these two layers, is comprised of a compound semicon-
ductor containing aluminum. Accordingly, the lattice
matching characteristic in the first interface between
the upper cladding layer and the current blocking layer
and the second interface between the current blocking
layer and the waveguide layer can be improved to de-
crease the light absorption coefficient of the current
blocking layer. As a result, the thickness of the upper
cladding layer required can also be reduced, to elimi-
nate the current leakage outside the channel groove in
the semiconductor laser diode.

The invention, and its objects and advantages, will
become more apparent in the detailed description of a
preferred embodiment presented below.

In the detailed description of a preferred
embodiment of the invention presented below, reference
is made to the accompaying drawings in which:

Fig. 1 shows a perspective view of a transverse-
mode stabilized GaAfZAs laser diode with a slab-coupled
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waveguide, in accordance with one preferred embodiment

of the invention (not drawn to scale).

Figs. 2A to 2C show cross-sectional views of
multi-layered structures of the laser diode, which are
sequentially obtained in the main steps of a manufactur-
ing process of the semiconductor laser diode shown in

Fig. 1 (not drawn to scale).

Fig. 3 shows calculated curves of the coefficient
of laser light confinement vs. the thickness (t) of
the waveguide layer, the waveguide layer-active layer
spacing (h) and the effective refractive index step
(Aneff) in the semiconductor laser diode shown

in Fig. 1.

Fig. 4 shows measured curves of full beamwidth at
half peak intensity of the laser beam vs. propagation

distance from the semiconductor laser diode of Fig. 1

and

Fig. 5 is a graph showing an effective refractive
index step Aneff and a stripe-like channel groove width
w in transverse mode oscillation, up to a light output
of 30 mW, in the laser diode of Fig. 1.

There is shown in Fig. 1 of the drawings a
transverse-mode stabilized GaAfAs laser diode with
a slab-coupled waveguide, which is designated generally
by the numeral 10. Laser diode 10 has an n-type GaAs
substrate 12 of a high impurity concentration. 0On one
side of substrate 12 are stacked, one above another, an
n-type GaAfAs cladding layer (first cladding layer) 14,
an undoped GaAtAs active layer 16, a p-type GaAfAs clad-
ding layer (second cladding layer) 18 and an n-type
GaAfAs current blocking layer 20.

A stripe-like channel groove 22 is defined in cur-
rent blocking layer 20 and cladding layer 18. Channel
groove 22 penetrates current blocking layer 20 to extend
into cladding layer 18. The bottom portion of channel
groove 22 is thus positioned near the underlying active

layer 16.

The distance between the bottom of channel
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groove 22 and active layer 16 is thus smaller than that
between current-blocking layer 20 and active layer 1§,

R thin p-type GaAfAs layer 24 whose refractive
index is larger than that of the second cladding layer
18 is formed, as a waveguide layer, to cover channel
groove 22 and current blocking layer 20, so that this
waveguide layer 24 can also be introduced sufficiently
near the top surface of active layer 16 inside channel
groove 22. On the waveguide layer 24 sre further
stacked a p-type GaAfAs overcoating layer 26 and a
p-type GaAfAs contact layer 28, Metal layers 30 and
32 are provided to sandwich the above laser diode 10,
as shown in Fig. 1, to serve as electrodes therefor.
The multi-layered configuration thus obtained forms a
so-called slab-coupled waveguide structure.

An example of the above-mentioned laser diode 10
was manufactured by the manufacturing steps to be des-
cribed below. First, as shown in Fig. 2A, first clad-
ding layer 14, active layer 16, second cladding layer
18, and n-type GaAfAs layer 20 serving as a current
blocking layer were sequentially disposed using a metal
organic chemical vapor deposition method (MOCVD method)
on n-GaAs substrate 12, whose top surface had a (100)
crystallographic plane. In the above multi-layered
diode, careful attention must be paid that not only
second cladding layer 18 and waveguide layer 24 but alsco
current blocking layer 20 sandwiched therebetween are
comprised of a gallium arsenide semiconductor containing
aluminum. In this example, first cladding layer 14 was
made of an n-type GaOGAzoaAs layer, and active layer 16
and second cladding layer 18 were made of an undoped
Ga094A£006As layer and a p-type GaosAzoaAs layer, re-
spectively. Current blocking layer 20 was made of an
n-type Ga065A1035As layer. Layers 14, 16, 18, and 20
had thicknesses of 0.7 um, 0.06 um, 0.7 um, and 0.7 um,
respectively. This multi-layered structure may be
formed by liquid phase epitaxy (the LPE method);
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however, it is more preferable to use the MOCVD method,
in terms of mass producibility,

Photoresist film layer 40 was then deposited on
the top layer or current blocking layer 20 of the
multi-layered structure. 1.5 um width stripe-like chan-
nel opening 42 (a so-called fwindow?) was formed in
photoresist layer 40 using a known etching process.

The underlying current blocking layer 20 and second
cladding layer 18 were partially etched by a known etch-
ing process to form channel groove (which is commonly
called "stripe" in tne field of the art) 22 therein.

In a vertical section, channel groove 22 extended
through layer 20 and slightly into layer 18. As shown
in Fig. 2B, channel groove 22 had a trapezoidal sec-
tional configuration with slanted side walls and a
bottom portion.

In the laser diode example, width w of the bottom
surface was set to be 1 um, and vertical distance h
between the groove bottom surface and active layer 16
was set to be 0.4 um. Since the thickness of second
cladding layer 18 was 0.7 um, the penetration depth of
channel groove 22, in second cladding layer 18, was as
small as 42%. The total depth from the upper surface
of current blocking layer 20 to channel groove 22 was
about 1 um. The configuration of the channel groove
was due to the chemical composition of layer 20, and
the importance thereof will be described hereinafter in
detail.

After the formation of channel groove 22, described
above, photoresist layer 40 was removed and the exposed
top surface of the multi-layered structure was washed.
Next, the second crystal growth step was begun. 1In
this step, waveguide layer 24, overcoating layer 26,
and contact layer 28 were stacked on the multi-layered
structure having channel groove 22, using the MOCVD
method. In the laser diode examples, waveguide 24 was

made of a 0.2 um thick p-type Ga A£027As layer,

073
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overcoating layer 26 was comprised of a 1.25 um thick
p-type GaosAzoaAs layer, and contact layer 28 was
comprised of a 5 um thick p-GaAfAs layer. Thereafter,
chromium-gold (Cr-Au) and gold-germanium (Au-Ge) alloy
layers, as metal layers 30 and 32, were respectively

formed on the upper and lower portions of the structure, ':

As a result, laser diode 10 shown in Fig. 1 complete.

The resultant structure was cleaved into a Fabry-
Perot laser having a resonator length of 250 um. The
element had the characteristics of a low threshold
curtent of 35 mA and a good differential quantum effici-
ency of 50%. In addition, current-light output charac-
teristics having good linearity without kink were
obtained at an output of 50 mW or more. Furthermore,
it was found that the beam waist of the laser light beam
radiated from the laser end surface corresponded to the
end surface in the horizontal and vertical directions
and was a good refractive index guide.

According to the laser diode with the slab-coupled
waveguide structure of the present invention, not only
second cladding layer 18 and waveguide layer 24, but
also current blocking layer 20 sandwiched therebe-
tween, are comprised of a gallium arsenide semiconductor
(GaAfAs) containing aluminum, as described above.
Therefore, the stability of high power laser oscillation
can be improved and, at the same time, good configu-
ration control of channel grooves in mass produced laser
diodes can be performed. The reasons are as follows:

First, if current blocking layer 20 (which 1is
sandwiched between cladding layer 18 and waveguide layer
24) is comprised of a gallium arsenide semiconductor
(GaAZAs) containing aluminum, like the chemical composi-
tion of layers 18 and 24, a crystal junction charac-
teristic (the lattice matching characteristic) of layer
20, with respect to layers 18 and 24, can be improved.
Therefore, the inherent stress at interfaces be-
tween layer 20 and layers 18 and 24 can be eased. As
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a result, since the stress-generated degradation of
laser oscillation can be reduced to 1/10 or less, the
operational reliability of a laser diode of this type
can be greatly improved.

Second, if current blocking layer 20 is comprised
of a gallium arsenide semiconductor (GaA£As) containing
aluminum, like cladding layer 18 and waveguide layer
24, the refractive index, together with the light ab-
sorption coefficient of current blocking layer 20, can
be reduced. Accordingly, the thickness of underlying
cladding layer 18 itself can be reduced as compared to
a conventional structure, At the same time, since the
depth of channel groove 22, formed in layer 18, can be
reduced as compared to the conventional structure,
vertical distance h, between the groove bottom surface
and active layer 16, can be set to a comparatively hign
value. Since this equivalently means that the edges
of groove 22 are kept far away from active layer 16,
current leakage of the laser beam, which is confined
in channel groove 22 and flows from the groove (i.e.,
toward cladding layer 18), can be eliminated. As a
result, the threshold level of laser diode 10 can be
decreased, and fundamental transverse mode oscillation
characteristics (high power and low astigmatism) can
be improved. 1In addition, if the content (composition
ratio) of aluminum in layer 20 is set higher, layer 18
can be formed thinner, and further improvement in the
fundamental transverse mode oscillation characteristics
of laser diode 10 can be expected. According to an
experiment by the present inventors, when the composi-
tion ratio of aluminum in layer 20 was, e.g., 0.4, the
refractive index of layer 20 was substantially the same
as that of layer 18.

Third (which is related to the above second
feature), as a result of the formation of thin layer
18 and shallow groove 22, etching depth in layer 18,
required to form groove 22, can be reduced. Therefore,

0214534
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channel groove 22, the configuration of which is well
controlled, can be formed with ease, without using deep
etching. As a result, in the manufacturing steps of the
laser diode 10, reproducibility of channel groove 22 can
be maximally improved and the yield of the laser diodes
can also be improved.

On the contrary, the above-described conventional
semiconductor laser diode using the GaAs semiconductor
layer, but not containing aluminum as a current-
blocking layer, has poorT mass-productivity charac-
teristics and poor stability in transverse mode oscil-
lation. Fig. 3 shows a graph of effective refractive
index step Aneff (which is defined as the difference
between the refractive index of the channel groove and
that of flat portions - with the exception of the groove
in the laser diode) and laser light confinement factor
1, with respect to distance h (um) between active and
waveguide layers and thickness t (um) in the stripe-like
channel groove of the laser diode having the conven-
tignal structure. The calculation was performed assum-
ing aluminum contents in cladding, active, cladding,
waveguide, and coating layers were 0.4, 0.06, 0.4, 0.27,
and 0.4, respectively, and the thickness of an active
layer was 0.06 um.

In order to obtain a stabilized transverse mode in
a laser diode, Aneff which compensates for refractive
index reduction caused by the plasma effect and the
like, is required, and 1t was experimentally found
that the stabilized fundamental transverse mode can
be obtained when Aneff is about 10'2. when laser light
confinement factor T is too small, the threshold value
becomes large, and too large T leads to degradation in
high power operation. Therefore, the laser light confi-
nement factor must alsoc be carefully selected. For
example, when the proper range of e0eff is 0.8 to
1.6 x 1072 and the proper range of factor T is 0.06 to
0.12, the allowable range of £t and h is the crosshatched
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region in Fig. 3. Accordingly, the value of h, as

well as the value of t, must be accurately set. 1In

the conventional structure, however, since the amount
of etching for the formation of a stripe-like channel
groove is about ten times the value of h, variations

in h cannot be eliminated and the mass production yield
is poor.

Another semiconductor laser diode manufactured
according to the concept of the present invention will
now be described.

First, first cladding layer 14 (having a selenium
concentration of 1 x lOl7 cm"3) of a 1.5 um thick n-type
GaoéAzoaAs layer was formed on n-type GaAs substrate 12

(having a silicon concentration of 1 x-lO18

cm"3) whose
top surface had a (100) crystallographic plane. Next,
active layer 16 of a 0.08 um thick n-type undoped
Ga092A£008As layer, second cladding layer 18 of a 0.7 um
thick p-type GaoéAloaAs layer, and current blocking
layer 20 of a 0.7 um fthick n-type GaoéAzoaAs layer were
sequentially formed on cladding layer 14. The MOCVD
method was used to form the layers l4, 16, 18, and 20.
In this embodiment, not only second cladding layer 18
and waveguide layer 24, but also current blocking layer
20, which is sandwiched therebetween, were comprised of
a galluim arsenide semiconductor as in the above-des-
cribed multi-layered laser diode.

This first crystal growth used an MOCVD method and
had as its growth conditions: a substrate temperature
of 750°C. V/IIl = 20. a flow rate of carrier gas (Hz) of
10 2/min. trimethylgallium (TMG: (CH)BGa), trimethyl-
aluminum [TMA: (CH3)3A£], and arsine (AsH3) as source
materials. diethylzinc [DEZ: (C2H5)22n] as a p-dopant.
hydrogen selenide (HZSe) as an n-dopant. and a growth
rate of 0.25 um/min. It is not necessary to use the
MOCVD method for the first crystal growth, but it is
more advantageous to do so since the MOCVD method
realizes a crystal growth having a large area and good

0214534
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uniformity in terms of mass producibility, unlike that
obtained with the LPE method.

Next, as in the embodiment described above, channel
groove 22 was formed in the top surface of the multi-
layered structure by selective etching, using a photo-
resist film. Note that width w’ of the bottom surface
of the channel groove and vertical distance h’ between
the grocve bottom surface and active layer 16 were set
at 1.5 um and 0.7 um, respectively, in this empodiment.

Afrer the formation of channel groove 22 described
above, the photoresist layer was removed, and the
exposed top surface of the multi-layered structure was
washed. Then, the second crystal growth step, which
used the MOCVD method to form waveguide layer 24, over-
coating layer 26 and contact layer 28, was begun.
According to the present embodiment, layers 24, 26, and
28 were respectively comprised of a 0.3 um thick p-type
Ga073A2027As layer, a 1.25 um thick p-type GéoéAloaAs
layer, and 5 um thick p-type GaAfAs layer (having a Zn

concentration of 1 x 108 cm'3).

Thereafter, a plurality
of electrode layers were formed on the top and bottom of
the structure, as in the above-described embodiment, and
the laser diode was completed.

The resultant structure was cleaved into a Fabry-
Perot laser having a resonator length of 250 um. The
element had the characteristics of a low threshold cur-
rent of 35 mA énd a good differential gquantum efficiency
of 50%. Current-light output characteristics having a
good linearity without kink were obtained at an output
of 50 mW or more. In addition, it was fouhd that the
beam waist of a laser light beam radiated from the laser
end surface, corresponded to the end surface in the
horizontal and vertical directions, and was a good
refractive index guide.

It was also found that the above laser had an

effective refractive index step Aneff of about 1 X 10-2

,
and showed a stabilized fundamental transverse mode
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oscillation up to an output of 30 mW, and there was
no mode deformation or higher order mode oscillation
at high power. »

Fig. 4 shows measurements of full beam width at
half the peak intensity along the optical axis of the
laser manufactured by the above-described method,
wherein reference symbols "o" and "@" are data at 1 mW
and 30 mW, respectively. An astigmatism was substan-

tially O um, and a stabilized wavefront independent
of tne power level, was obtained, |

In the embodiments described above, it is aglso
an important feature of the present invention that the
effective refractive index step Aneff inside and out-
side channel groove 22, is set to be not lower than
6 x 10 3, and bottom width w thereof is set to be not
higher than 2 um. The importance of these value limita-
tions will be described below with reference to Fig. 5.

Fig. 5 is a graph showing the effective refractive
index step Aneff and stripe-like channel groove width w
in transverse mode oscillation, up to a light output of
30 mW, in the laser diode having the above structure.

In general, when a laser has a flat active layer,
it is difficult to obtain a suff1c1ently large effective
refractive index distribution of more than 10 -2 for
mode confinement. Actually, methods for changing the
thickness of the active layer, either by bending it or
by making it grow perpendicularly in the groove, have
often been used. Such a structure tends to degrade
the laser’s rellablllty because of the degradatlon
in quality of the active layer as compared to lasers
having a flat active layer. On the other hand, the
structure according to the present inventlon has a flat
active layer through appropriate control of the refrac-
tive index, the film thickness or the like of the flrst
overcoating layer, and thus an effective refractive
index step can be easily formed thereat. '

In Fig. 5, symbol "O" shows a stabilized

0214534
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transverse-mode oscillation up to a laser output of
30 mW, symbol "A" shows a mode deformation caused by a
hole-burning phenomenon as the output increases, symbol
"=" shows characteristics similar to a gain guide such
as kink or mode deformation at a large astigmatism anc
a current-light output characteristic, and symbol "@"
shows a higher order mode. In the drawing, a curve
shows a theoretical calculation of channel groove width
w of a laser diode when a first-order mode 1s cut off
with respect to effective refractive index step Aneff,
As is apparent from Fig. 5, according to the struc-
ture of the present invention, a stabilized transverse-
mode can be obtained from a low power operation up to
a high power operation of more than 30 mW, by setting
aneff to be not smaller than 6 Xx 107>
than 2 um,
When Aneff exceeds 1 X 10'1, since the groove width
at which a first-order mode is cut off is below 0.5 um,

and w not larger

not only does the element formation process becomes
difficult but also the mode size decreases. As a
result, the light output level which causes degradation
by end surface breakdown is descreased, and a high power
operation becomes impossible. It should be noted that,
during the laser diode operation, the actual level of
light output which causes the hole-burning phenomenon
and the actual degree of adverse influence due to that
phenomenon cannot be simply determined. In the actual
operation mode of the laser diode, these factors tend
to be varried depending upon the layer structure, the
gain distribution, the internal power loss of the laser
diode. Accordingly, the ranges of values defined above
are required to satisfy the characteristic in which a
stabilized transverse-mode oscillation is obtained up
to a light output of 30 mW, which is the performance
required of a light source for writing into an optical
disc.

Although the invention has been described with
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reference to specific embodiments, it should be under-
stood by those skilled in the art that numerous modifi-
cations may be made within the spirit and scope of the
inventive contribution.

For example, the mix crystal ratio, the film thick-
ness and the like of the cladding layer, the current
blocking layer, and the overcoating layer can be changed
as needed, within the given range, as long as the effec-
tive refractive index step Aneff is not less than
6 x 1072, The cladding layer and the current blocking
layer may be comprised of Gao.SSAZO.ASAS’ the first
overcoating layer may be comprised of Ga0.65A20.35As’
and a film thickness thereof may be 0.4 um. Channel
groove width w can also be changed as needed with the
range of from 0.5 to 2 um, and in which the first-order
mode is cut off with respect to effective refractive
index step Aneff. 1In addition, the overcoating layers
are not limited to two layers but can be more than three
layers, as long as the refractive index of the layer
nearest the active layer is higher than the refractive
indexes of the layer farthest from the active layer or
the cladding layer.

In addition, the material is not limited to GaAlAs,
and other compound semiconductor materials such as
InGaAsP, A2GalnP, or ALGazZnP can be used. Furthermore,
the MBE method, instead of the MOCVD method, can be used
as a crystal growth method. It is also possible to use
a p-type substrate and to invert the conductivity types
of each layer.

0214534
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Claims:

1. A semiconductor laser diode (10), comprising
first and second semiconductive cladding layers (14, 18)
of first and second conductivity types, which are
sequentially stacked on a substrate (12); an active
layer (16) of an undoped semiconductor film sanawichec
between saia first and second cladding layers (1a, 18);
a semiconductive current blocking layer (20) of the
first conductivity type, & channel groove (22) being
formed in said current blocking layer (20, and saia
second cladding layer (18), to be deep enough to cause
said current blocking layer (20) to be diviged into
two parts; a semiconductive waveguide layer (24) of
the second conductivity type for covering said chan-
nel groove (22) and said current blocking layer (20),
to provide a slab-goupled waveguide structure for
transverse mode oscillation; and a semiconductive
overcoating layer (26, 28) of the second conductivity
type formed on said waveguide layer (24), charac-

_terized in that said second cladding layer (18), said

current-blocking layer (20), &and said waveguide layer
(24) comprise a compound semiconductor containing
aluminum to thereby improve lattice matching charac-
teristics among said second cladding layer (18),

said current blocking layer (20), and said waveguide
layer (24).

2. The laser diode as recited in claim 1, charac-
terized in that said current blocking layer (20) con-
tains aluminum in an amount larger than that contained
in said waveguide layer (24).

3. The laser diode as recited in claim 2, charac-
terized in that said current blocking layer (20) con-
tains aluminum in an amount substantially equal to that
contained in said second cladding layer (18).

4. The laser diode as recited in claim 2, charac-
terized in that said channel groove (22) is formed in
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said current blocking layer (20) and said second clad-
ding layer (18) in a manner so as to have a bottom
portion whose width is not larger than 2 micrometers.

5. The laser diode as recited in claim 2, charac-
terized in that said second cladding layer (18), said
current blocking layer (20), and said waveguide layer
(24) comprise a gallium arsenide semiconductive material
containing aluminum. |

6. The laser diode as recited in claim 5, charac-
terized in that said second cladding layer (18), said
current blocking layer (20), and said waveguide layer
(24) define a first refractive index measureo at the
channel groove (22) and a second refractive index
measured at the remaining portion of said laser diode
(10), a difference between the first and second effec-
tive refractive indexes defining an effective refractive
index which is set to be larger than 6 x 10-°

7. The laser diode as recited in claim 2, charac-
terized in that said second cladding layer (18) has a
first refractive index, while said waveguide layer
(24) has a second refractive index larger than the
first refractive index.

8. The laser diode as recited in claim 7, charac-
terized in that saig overcoating layer (26, 28) has s

third refractive index smaller than the second refrac-

tive index.
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